ABSTRACT We have studied 26 asthmatic patients in whom a deep inspiration induced a transient but marked bronchodilatation when carbachol-induced bronchoconstriction was present. Changes in bronchial tone were assessed by specific airway resistance measurements. Bronchodilatation after a slow inspiration (eight subjects) or a 10-second breath-hold at total lung capacity (13 subjects) was significantly less than that observed after either a fast inspiration or no breath-holding period. The magnitude of the bronchodilatation induced by a fast inspiration without breath-holding was directly and significantly related to the magnitude of the carbachol-induced bronchoconstriction in five subjects.
When bronchoconstriction is induced with pharmacological agents in asthmatic patients, a deep inspiration has little bronchomotor effect in some whereas in others it causes a transient but large bronchodilatation.12 In the latter, the forced expiratory volume in one second (FEV1) can be unsuitable to assess increased bronchial tone, because the deep inspiration preceding the forced expiratory manoeuvre abolishes the induced bronchoconstriction.3 Usually, neither the flow rate of the deep inspiration preceding the forced expiration, nor the duration of the breath-holding period before expiration, are controlled. This study was undertaken to determine the possible influence of these two variables on the bronchodilator effect of a deep inspiration.
We also investigated whether the bronchodilator effect of a deep inspiration was related to the magnitude of the provoked bronchoconstriction.
Methods
Twenty-six patients (mean age ± SE 36 yr ± 3 1; 13 females), referred to our laboratory for routine bronchial provocation tests, were studied. All suffered from bronchial asthma as defined by the American Thoracic Society4 
Results
The bronchodilator effect of a deep inspiration was significantly decreased when the inspiratory manoeuvre was performed slowly, and when the deep inspiration was followed by a 10-second breathholding period at TLC (fig 1) .
In protocol C, before carbachol, a deep inspiration had little bronchomotor effect in two patients whereas it caused an sRaw increase in three others (fig 2) . When carbachol-induced bronchoconstriction was present, a decrease in sRaw was observed in all five patients after a deep inspiration, the magnitude of which was positively correlated with the magnitude of the pre-deep inspiration bronchoconstriction (fig 2) . Statistically significant correlations were also observed when the changes in sRaw after deep inspiration were expressed as absolute values instead of percentages.
Discussion
When pharmacologically-induced bronchoconstriction is present, a deep inspiration has a marked bronchodilator effect in normal subjects,9 in patients with hay fever,' and in a few asthmatics.'2 This effect is of short durationl'29 and in this study we observed that it was less pronounced after a 10-second breath-holding period at TLC. This suggests that the bronchodilatation started to disappear as soon as the subjects reached TLC. Such a restoration of bronchial tone after a brief period of apnoea at submaximal inspiratory volume has been observed in normal man with unstimulated airways. 10 The magnitude of the deep inspiration-induced bronchodilatation is related to the inspiratory volume.2 This study shows that it is also related to the inspiratory flow rate and to the degree of pharmacologically-induced bronchoconstriction. The latter finding contrasts with a previous study in which we observed that a deep inspiration had a more pronounced bronchoconstrictor effect in asthmatic patients with marked spontaneous airway obstruction." This suggests that the pharmacologically-induced airway obstruction differs from the spontaneous airway obstruction observed in asthmatic patients.
The exact mechanism underlying the bronchodilatation induced by a deep inspiration is still unclear. The airways are imbedded and tethered in the lungs and participate in their volume changes, increasing in calibre during inspiration and decreasing during expiration. In addition these two structures present hysteresis which has opposing effects upon airway calibre. After a lung inflation, lung tissue hysteresis results in a transient decrease in transpulmonary pressure measured at FRC12 which could result in decreased airway calibre and increased resistance. In contrast, airway hysteresis after a lung inflation results in increased airway calibre and decreased resistance for the same transpulmonary pressure.13 Since sRaw decreased after a lung inflation in our patients, it follows that airway hysteresis must have dominated lung tissue hysteresis.13 14 In isolated airways the importance of hysteresis has been related to the degree ofairway constriction. 15 The relationship we observed between the bronchodilator effect of a deep inspiration and the level of induced bronchoconstriction is consistent with this study. This association was also probably enhanced by the hyperbolic relationship between airway resistance and airway diameter: the same change in airway diameter after a lung inflation would induce a larger change in airway resistance if resistance was large before inspiration than if it was small.
The flow-related differences we observed could also be explained by airway hysteresis if they were more related to the peak flow generated rather than to the average inspiratory flow. If this were the case, one could explain the results on the basis of a difference in the pressure drop across the airways; hence, at higher peak inspiratory flow rates, there would be a greater transmural airway distending pressure during the dynamic inspiratory manoeuvre and airways would be more vigorously stretched, increasing airway hysteresis. With respect to the effects of breath-holding time at TLC, our results are consistent with previous reports of time dependence of airway hysteresis in excised dog lungs.15 16 In vivo, other mechanisms may also have come into play to modify airway hysteresis. Stretch receptor mediated bronchodilatation could explain why the magnitude of the deep inspiration-induced bronchodilatation was positively correlated with the magnitude of airway constriction, since stretch receptor activation is faciliated by increased bronchial tone.'7 Indeed, increase in bronchial tone favours the bronchodilator response to lung inflation in dogs.'8 Stretch receptor activation has been shown to be positively correlated with the inspiratory flow rate,19 and a reflex mediated by these receptors could thus explain why the bronchodilator effect of a deep inspiration was accentuated by a fast inspiratory flow rate. On the other hand, stretch receptor adaptation to continuous stimulation is slow20 and cannot explain why the deep inspirationinduced bronchodilatation diminished after a 10-second breath-holding period at TLC.
Lung inflation releases prostaglandins of the E and F series.21 22 The action of prostaglandin E on isolated guinea-pig trachea is related to smooth muscle tone: it contracts the relaxed preparations and relaxes the contracted ones. Such a release could thus explain why the bronchodilator effect of a deep inspiration was related to the degree of bronchoconstriction in our study. The amount of protaglandins released with lung inflation is related to tidal volume.2122 It is apparently not known if prostaglandin release is influenced by changing the inspiratory flow rate. If the bronchodilator effect of a deep inspiration is mediated by a humoral mechanism, the diminution of this effect with a 10-second breath-holding period could be explained by assuming that the humoral agent released was shortlived.
Whatever the exact mechanism underlying the bronchodilator effect of a deep inspiration in our patients, the present observations may have practical implications. We have previously observed that the bronchomotor effect of the preceding deep inspiration influences the subsequent change in FEV1 in asthmatic patients undergoing bronchial provocation tests:3 it can produce false negative tests in patients having a large inspiratory bronchodilator effect. The present study suggests that the influence of deep inspiration on FEV, measurements could be minimised in such patients if the forced expiration was preceded by a slow inspiration and a prolonged breath-holding period at TLC. 
